Purpose -On the health care industry, the paper aims to study the effects of intellectual capital, identify using an input-process-output concept of human, customer, innovative and process capitals, on company performances. Design/methodology/approach -From a resource-based and intellectual capital perspective, the structural path model is applied to financial data to analyze the six-value creation relationships among the four components of intellectual capital, as well as the causal effects of intellectual capital on company performance. Findings -Empirical findings suggest a significant relationship between intellectual capital and company performance. These results also suggest that innovative capacity and process reformation shall be considered first, and through the human value-added of human capital, firms can improve their company's performance. Originality/value -There have been many arguments as to whether intellectual capital is quantitatively measurable. This paper provides a tangible means of quantifying intellectual capital.
Introduction
In today's market, a noticeable increase in the gap between a firm's market value and its book value exists. Lev (2001) pointed out that between 1977 and 2001 the market-to-book value ratios of Standard and Poors (S&P) 500 companies increased from slightly above one to over five, implying that company financial statements may not represent their true value. Several scholars have explored the discrepancies between financial statements and the relative market value of companies. Edvinsson and Malone (1997) suggest that the difference between a company's market price and its book value is related to its intangible assets. Intellectual capital (IC), considered a synonym for "intangible assets", are often not reported on financial statements; yet they are considered very important and may constitute 80 percent of an organization's market value (Fornell, 2000) . IC includes human, structural, and customer capital, and has been shown to play an increasingly important role in a company's competitive advantage, which can increase profit of a company (Hazlina and Zubaidah, 2008) .
In 1984, Wernerfelt used economic theories to demonstrate that modeling a company according to its resources, leads to coherent diversification decisions by defining common non-financial links (Chatterjee and Wernerfelt, 1991) . According to the resource-based theory (RBT), in order to develop a competitive advantage a company must have resources and capabilities that are superior to those of its competitor(s). RBT focuses on resources and their deployment in organizations, leading to value creation, and strategic management disciplines (Peppard and Rylander, 2001 ). This shows that competitive advantage and superior performance are related to acquiring, holding and subsequently using strategic assets (both tangible and intangible) that are vital to developing a competitive advantage and achieving strong financial performance. Traditionally, the tangible physical assets which were examined in RBT, were land, machines, and or financial capital.
Recently, IC has been identified as a key resource and driver of organizational performance and value creation. IC has shown to be necessary to firms for both achieving and sustaining a competitive advantage (Wu et al., 2006) , attracting attention among both academics and managers (Edvinsson and Malone, 1997 . This new understanding shows that the management and development of IC confers greater competitive advantage thus, improving company performance. Consequently, IC has replaced tangible physical assets and capital as the primary basis of creating value (Wu et al., 2006) . The combination of the well-balanced components of IC implies high value creation potential and anticipated future income. (Hermans and Kauranen, 2005) . Thus IC, in an RBT framework, increases an organization's competitive advantage due to the superior value created by its unique resources and capabilities.
Although RBT and the competitive advantage theory can describe relationships between resources and value creation, they are unable to illustrate relationships between individual resources. However, using an IC perspective enables us to do so. Many empirical studies of IC, like Bontis (1998) , Bontis et al. (2000) , Tseng and Goo (2005) , and Chu et al. (2008) , use different methodologies to analyze the relationships between different kinds of IC. Our research seeks to incorporate IC into an RBT-based complete value creation process that includes factors ranging from resource or capital input to performance output. Section 2 will explore the reviewed literatures that aided us in formulating our research hypotheses, followed by section 3 which discusses the research design and methodology. Section 4 describes the empirical analysis, and section 5 contains discussion and conclusion of this study 2. Literature review and research hypotheses This section briefly describes and then integrates two principal theories regarding the creation of value in organizations: the resource-based perspective and the IC framework.
The resource-based perspective
Ownership of firm-specific assets enables a company to develop a competitive advantage. This leads to idiosyncratic endowments of proprietary resources (Barney, 1991; Peppard and Rylander, 2001 ). According to RBT, sustainable competitive advantage results from resources that are inimitable, not substitutable, tacit in nature, and synergistic (Barney, 1991) . Therefore, managers need to be able to identify the key resources and drivers of performance and value in their organizations.
The RBT also states that a company's competitive advantage is derived from the company's ability to assemble and exploit an appropriate combination of resources. Such resources can be tangible or intangible, and represent the inputs into a firm's production process; such as capital, equipment, the skills of individual employees, patents, financing, and talented managers. As a company's effectiveness and capabilities increase, the set of available resources tends to become larger. Through continued use, these "capabilities", defined as the capacity for a set of resources to integratively perform a stretch task or an activity, become stronger and more difficult for competitors to understand and imitate.
2.2 IC framework IC, though understood to be extremely valuable, is an intangible asset, and is thus difficult to directly observe or measure. In fact, there is currently no clear definition of what constitutes IC. Common intangible assets in today's marketplace are corporation intellectual property (such as patents, trademarks, copyrights, and so on), goodwill and brand recognition. Brennan and Connell (2000) consider a narrower definition of intangible assets that does not include human resources, customer loyalty or company reputation. In Bontis's (1998) managerial conceptual study, he suggests that IC does not include intellectual property. While Edvinsson and Sullivan (1996) assume a very broad definition, they define IC as knowledge that can be converted into value.
Though it is unclear as to what IC "is", researchers have attempted to separate IC into three main components: human, structural, and customer capital (Roos et al., 1998; Hermans and Kauranen, 2005) . Wang and Chang (2005) and Tseng and Goo (2005) further extend the Edvinsson and Malone (1997) concept, and separated process capital and innovation capital from structural capital. This has lead to an emerging broad consensus on the definition of the following four interrelated categories of which most IC models are comprised: human, process, innovation, and customer capital (Table I) .
Linkage of resource-based and IC perspective
The basic premise of RBT states that the value-creating capabilities of an organization are not related to the dynamics of the industry within which the organization competes, but rather to the processes of resource accumulation and deployment that are inherent to that organization. Peppard and Rylander (2001) present an input-process-output diagram to visually illustrate a relationship between resources and shareholder value. Because the RBT examines static measurement concepts, like the nature and quantity of deployed resources, it is unable to describe the value creation process, and thus does not provide managers with a precise framework for explaining how resource inputs are turned into outputs during the value creation process.
In response to the frustration associated with applying conventional management schemes to the leveraging of intangible resources, the IC perspective has emerged as a useful framework for describing firms' resources and value creation (Tseng and Goo, 2005) , and has recently been adopted by academics over the resource-based perspective (Baxter and Matear, 2004; Martinez-Torres, 2006; Wu et al., 2006) . Chatzkel (2002) (Figure 1 ).
Constructing an empirical research framework
Due to the aforementioned lack of a clear definition of IC, various methods of measuring IC are currently used. For example, though brand equity is a form of IC, it lacks an easily defined physically measurable quantity. Aaker (1996) , however, successfully combined perception and behavior measures to estimate the value of brand equity. This study extends Aaker's methodology by using financial measurements to estimate perception. The previously mentioned four components of IC: innovation, process, human, and customer capital, are derived from managerial perception, and are not directly measured in financial reports. However, the authors believe that by considering these four components, respectively, "Innovative Capacity", "Efficient Operating Processes", "Human Value Added", and "Maintainable Customer Relationships", financial measures can be used to develop and explore a structural path model for the relationship between IC and performance.
2.4.1 Innovative capacity. Innovation capital refers to results of innovation that take the form of intellectual property rights, such as patents and licenses, and is a key factor for a company's ability to maintain long-term competitiveness. Previous researchers used perceived innovation capital, showing that intellectual property, innovation and technological ability contributed to corporate value. Though financial statements do not include data on such perceived innovation capital, some attempts to link financial data to innovation capital have been made. Wang and Chang (2005) use research and development (R&D) density to represent innovation ability.
Because R&D expenditures are fundamental to innovation, this study uses the financial measure of the input cost of innovation to describe the innovation process. Thus, innovative capacity is a measure of a company's ability to create new products Invested resource which meet customer's demands, and design more efficient operating processes. In regards to the relationships between innovative capacity and other forms of IC, this has lead to the following hypotheses:
H1a. Innovative capacity has a positive correlation with maintainable customer relationship costs.
H1b. Innovative capacity has a positive correlation with human value added resources.
Efficient operating processes.
Process capital focuses on the internal procedures that define the system and structure of a company. These processes highlight the business activities that are especially favored by a company, investments in R&D, lead time, and the economy and productivity of administrative processes. Processes are also an expression of quality, error rate and waiting time, according to the Danish Trade and Industry Development Council (DTIDC, 1997) . In this sense, companies with strong and efficient process capital will create favorable conditions for customers (Chen et al., 2004) . To achieve improved customer relationships, a business may need to shorten the cycle time of its operating processes and develop high-quality internal processes. For example, Seggie et al. (2006) show that the positive effect of partner dependence on the focal firm is a causal factor of firm performance, and thus an excellent supply chain can improve customer relationships.
According to balanced score card perspective, a company that displays efficient operating processes with reduced cycle time and improved quality, creates customer loyalty (Kaplan and Norton, 1996) . The proxy variables which represent the efficiency of internal control of a company's operating process include inventory turnover, receivables, fixed assets, and total assets turnover. This study extends the work of Wang and Chang (2005) , by using turnover to measure process capital. Assuming higher turnover rates represent more efficient operation processes, the authors infer that higher turnover rates allow for a reduction in the input costs of maintaining customer relationships, such as selling, advertising, and general administrative expenses. This leads us to the following hypothesis:
H2. Efficient operating processes reduce the costs of maintaining customer relationships.
Human value added.
Hayton (2005) indicated that human capital refers to knowledge, skills, and the abilities of employees (Martinez-Torres, 2006) , and that the depth and breadth of expertise and other human capital characteristics of top management teams are a major organizational resource. Jardón and Martos (2008) study a sequential model where the human capital is in the base of the other dimensions of intellectual capital. Human capital is developed in internal relations within the company generating capital structural. According to the results of Kamath (2007) , Yalama and Coskun (2007) and Ting and Lean (2009) , human capital is important factor for company and has a positive relationship with the firm's performance. Furthermore, excellent human capital increases customer trust. To measure such indices of human capital, the authors exclude background information concepts of human capital Martos, 2008, 2009 ) and consider output concepts as proxies for knowledge-based resources in accounting statements and financial reports.
Then the efficiency by output concept of human resources is adopted, to represent human capital. By replacing the background information of human resources, the output concept is employees' value added output ability. In financial reports, the authors find that the output view of human resources provides a suitable measure that can represent human capital. Using the output view, the quantitatively efficiency of employees and managers indicates human capital as productivity and value added.
Hayton (2005) uses the formal educational and industry experience of managers to describe human capital. Wang and Chang (2005) adopt the scale of a company, and its employees' ages, education, and experience in order to analyze human capital's relationship with other types of capital. As mentioned above, the value added output of employees and managers is the created value by their using abilities of any innovative process. Hence, this study argues that value added human resources is an appropriate intermediary variable between innovation capital and performance. These abilities also improve a company's relationship with its customers, and can help companies retain major customers. Consequently, the following hypothesis is proposed:
H3. Human value added is positively correlated with maintainable customer relationships.
Maintainable customer relationships.
Customer capital is the knowledge embedded in the relationships with any stakeholder that influences an organization. Bontis (1998) states that knowledge of marketing channels and customer relationships play a major role in customer capital, and that they are primarily derived from knowledge embedded in relationships that are external to the company. Prahalad and Ramaswamy (2000) suggest that customers become a new source of competence for the organization because they renew the overall competency of the organization. In addition, other aspects relating to suppliers and competitors contribute to customer capital. Fornell (1992) finds that customer satisfaction enhances business relationships, decreases the elasticity of product price and improves company prestige. In this study, customer capital is classified by market intensity and marketing capabilities, which are used to describe relationships with stakeholders. An interesting point relates to the relationship between customer capital and corporation performance. The quality perceived by customers is the key factor of customer satisfaction. Customer expectations and perceived value are not controllable, but input cost of maintaining customer relationships is measurable.
This study uses maintaining customer relationships, instead of customer behavior, to measure performance. A company's primary task in enhancing customer satisfaction is to increase perceived quality. Thus, companies often have large budgets for maintaining customer relationships in order to maintain or create a positive customer image. Maintaining customer relationships positively affects performance. Morgan and Hunt (1999) noted that financial performance is an outcome of resource value. Recently, other researchers have also discovered that human capital, positively affects a company's value. Bontis et al. (2000) find consistent results with Bontis (1998) , namely that human capital significantly affects company performance. Chen et al. (2005) showed that companies with human capital efficiencies tend to have higher financial performance. Wang and Chang (2005) argue that human capital directly and Invested resource positively affects innovation capital and process capital, which then affects performance. Hayton (2005) also showed that the human capital of a company's top management team is significant. In a good working environment, the employees are more willing and able to create organizational performance.
Based on these previous findings, the following hypotheses are proposed:
H4a. The higher the maintainable customer relationship cost, the higher the positive effect on the corporation's performance.
H4b. The higher the human value added resources are, the higher the positive effect is on corporate performance.
The influential factors between structural capital and company performance are innovative capacity and efficient operating process capital, as shown in Figure 2 .
Research design and methodology
Previous studies of IC, have been based on questionnaire data that analyze subjective managerial measures of behavior perceptions (Bollen et al., 2005; Tseng and Goo, 2005; Chen et al., 2005; Martinez-Torres, 2006) . These questionnaires collected data from behavioral attitudes, which is an indirect method, and investigated the relationships between IC perceptions and company value (Baxter and Matear, 2004; Bollen et al., 2005; Tseng and Goo, 2005; Martinez-Torres, 2006) . In this study, the authors draw behavioral perceptions from financial measurements. Using the results from prior questionnaire based research as a framework; the authors attempt to find financial data that can represent questionnaire items. The advantages of using financial data lie in their directness, transparency and accuracy, as confirmed through audits carried out by Certified Public Accountants (CPA). Adopting real financial data also allows us to attempt to compensate for the subjectivity and quantitative insufficiencies of the managerial behavior perceptions found in prior research.
Conceptual model
Quantitative studies of the relationship between IC and corporate value can be classified into those that attempt to measure management concepts and those that use financial figures (Figure 1 , left side). Previous studies have focused on management concepts and Figure 1 shows the conceptual model of this research. This study applied the input-process-output concept to investigate the interrelationships between individual components of IC and corporate value. Regardless of managerial concepts or financial measurements, they also use resource-based perspectives to describe input resource and apply financial perspectives to illustrate output results (as shown middle in Figure 1) . From a financial measurement view, first, the innovative capacity and efficient operating processes are used as proxy variables of invested resources. Second, the human value added resources and maintained customer relationships represent competitive advantages; and finally, performance was used to explain corporate value. Additionally, this paper uses the IC perspective to describe the value-creating process. The line in Figure 1 reflects the research framework of this paper. The following conceptual model was developed for use in this study.
Construct measurement
Based on the value distinction tree introduced by Roos et al. (1998) , the components of IC include human, innovation, processes and customer capital. Financial indicators that represent quantitative measurements of each IC component were adopted from previous studies of IC or other determinants of business performance (Table II) .
For measurement of innovative capacity based on the theories of Chen et al. (2004) , they use new technology and product to represent innovative output. Our innovative output replaces sale revenue. The authors adopted variables on R&D density from Hermans and Kauranen (2005) , and Wu et al. (2006) . In addition, in accordance with Chu et al. (2008) , data representing the tangible assets possessed by employees as a proxy for measuring equipment capacity was also collected. Administrative expense ratios were taken from Danish Trade and Industry Development Council (DTIDC, 1997), and the largest customer sales were used to assess the amount of maintainable customer relationships.
To measure the efficiency of human value added resources, this study extend DTIDC (1997), and Wang and Chang (2005) methodology, the authors adopted the productivity and value added output of employees and managers variables. Operating process capital, based on Chen et al. (2004) and Chu et al. (2008) , was assessed using inventory and asset turnover variables found on financial statements that measured process efficiency. For performance, return on assets and equity, Tobin's Q, and price to book ratio were taken, calculated, as in Bontis et al. 
Data collection and sample
A study by Read et al. (2001) that looked at the market to book value ratio of 15 different industries, was discovered that the pharmaceutical industry not IT tops that list with a ratio of almost 30:1. The research uses the US healthcare industry, including health care equipment and pharmaceuticals firms listed on GICS1 35[1] in the S&P500 from a database of publicly traded firms in the COMPUSTAT databank, as the research model. The health care industry shows all the characteristics of knowledge-based companies, and relies on innovation through the utilization of emerging technologies for the development of new products and services. This implies that the way companies within the health care industry develop and handle knowledge Invested resource has a large impact on their economic success. Business performance within the health care industry is driven by specific internal and external resources, which are composed of intangible assets and the technological infrastructure that enhances a company's unique core competencies.
The authors collected supplementary data from publicly available financial reports such as the 10 K, and proxy statements. Data was selected according to the following criteria:
. the company has no missing values during the sample period; and 4. Analysis and results Table IV summarizes the descriptive statistics of each intangible resource and company performance indicator. Because value added output of employees and managers (HUM5 and HUM6), and items of performance are measured through net income, the minimum values of these variables are negative, most likely due to net loss experienced by some companies.
Descriptive analysis
Data reliability depends on how the data is used, and first needs to be assessed (Churchill, 1979 ). Cronbach's alpha tests the reliability of data measurement by gauging the correlation of an item with the sum of other items, as suggested by Nunnally (1978) . For our data, the Cronbach alphas results for innovative capacity, maintainable customer relationships, human value added, efficient operating processes, and performance are 0.921, 0.709, 0.602, 0.547, and 0.611, respectively (Table V) . All five values are above 0.5, which indicates reliability within acceptable ranges (Dey, 2008) .
Traditionally, researchers using Cronbach's a and internal consistency measure convergent validities. In Table V , all measures sufficient Cronbach's a and internal consistency to exceed Nunnally's "modest" standard of 0.70 (Nunnally, 1978) . The traditional methodological complement to convergent validity is discriminant validity, which represents the extent to which measures of a given construct differ from measures of their constructs in the same model. To assess discriminate validity, Fornell and Larcker (1981) variable is able to explain more than half of the variance of its indicator on average. Table V , Cronbach's a, internal consistency and AVE exceeded the threshold levels commonly suggested in the literatures (Nunnally, 1978; Fornell and Larcker, 1981) . The fit statistics propose a superior degree of reliability and convergent validity of all components.
Analytical procedures
This study uses the Structural Equation Model (SEM) to assess the direct and indirect relationships between IC and corporate performance. Two-step approaches are applied, beginning with a confirmatory factor analysis (CFA) and then the cause-effect among latent constructs by using the LISREL package (Babin et al., 2008) . In assessing the fit of the model with the dataset, Hu and Bentler (1999) The second step in the two-step approach specifies the causal relationships among latent constructs. From the good overall fit of our data, the study has confident in the reliability of hypothesis testing. The six path relationships shown in Figure 2 are further analyzed using Path Analysis in order to show the significance of the individual paths. Table VI , it is shown that all coefficients of the estimated parameters fit expectations and are significant.
In terms of the first hypothesis, effective management of innovation input is shown to enhance customer relationships (H1a). Innovative capacity has a strong positive impact on maintainable customer relationships (b 1a ¼ 0:30, p , 0.01). This study found similar findings to Tseng and Goo (2005) . On the other hand (H1b) Innovative capacity showed to only have a slightly positive effect on human value added resources (b 1b ¼ 0:09, p , 0.1).
H2 is highly supported, with the finding of an inverse and significant relationship between the effective management of operating processes and the input cost of maintainable customer relationships (b 2 ¼ 20:52, p , 0.01). This may be the first time that a measurement of the efficiency of operating processes has been related to maintainable customer relationships. Our findings suggest that efficient operating processes will likely reduce sales and administrative expenses.
H3 was also supported, as human value added has a positive relationship with maintaining customer relationships (b 3 ¼ 0:19, p , 0.01). This result suggests that strong human value added resources can lead to a significantly positive enhancement of customer relationships, similar to the findings of Bollen et al. (2005) , Chen et al. (2004) , Seggie et al. (2006) , Tseng and Goo (2005) and Wang and Chang (2005) .
In terms of H4, our analysis shows that maintainable customer relationships have little effect on company performance. From the financial perspective, human value added efficiency has significant effects on company performance. This is similar to the findings of Bollen et al. (2005) , Chen et al. (2005) , and Hayton (2005) that effective management of human value added resources enhances company performance, as indicated by increased returns on its assets and equity.
Discussion and conclusion
The relevant literature surrounding IC, used perception-based questionnaires (Baxter and Matear, 2004; Bollen et al., 2005; Bontis, 1998) , but few studies have used financial data. For investors, financial measurements of IC are more useful when making decisions. This study also adopted financial data to find value drivers. Using different components of IC data to investigate the same subject can yield different results. Evidence from this study indicates that from the resource input concept, innovation and operating processes play antecedent roles.
Both types of capital affect performance via the intermediary components of maintainable customer relationships. These results are different from previous research, because the authors adopted a distinctive input-process-output concept. The results presents that efficient operating processes and maintainable customer relationships have a significantly inverse relationship. This phenomenon implies that by reducing spending, managers can increase the maintainability of customer relationships. Yet at the same time, by maintaining customer relationships, managers can strengthen the efficiency of execution in addition to rising promotional and advertisement budgets.
According to our results, IC significantly influences company performance. An input-process-output concept shows that innovative capacity and efficient operating processes are antecedent factors which represent input invested resources. Two other IC components, human value added and maintainable customer relationships are also factors in the competitive advantage of a company. Innovative capacity and efficient operating processes indirectly affect company performance via maintainable customer relationships and human value added resources.
This study used short-term turnover as an indicator of a company's efficiency. Therefore, efficient operating processes can be used as a proxy indicator of maintainable customer relationships. Short-term turnover will deepen the positive image of a company held by customers and improve a company's customer relationships. This is an important message to business managers: if companies want to use IC to improve their performance, innovative capacity and increased efficiency of operating processes must be considered. This implies that managers that wish to quickly improve corporate value should begin with innovative capacity and efficient operating processes.
In summary, the six hypotheses were accepted, indicating that the six value-creating paths are useful for guiding efforts to enhance corporate performance through IC management. This study cannot describe the relation between markets and financial performance, because the authors simultaneously considered market and financial performance. Future research can divide performance measures into two segments, market and financial performance, and investigate their relationship. 
